ABSTRACT: Forkhead box O 1 (FoxO1) is an important transcription factor implicated in adipogenesis. In this study, we detected the breed differences in FoxO1 between Bamei pigs (an obese breed) and Large White pigs (a lean breed). Compared with Large White pigs, the BW of Bamei pigs was lower (P < 0.01), but back fat thickness, fat percent, and intramuscular fat content were greater (P < 0.01). The levels of FoxO1 mRNA and protein were lower (P < 0.01) in subcutaneous adipose tissue (SAT) of Bamei pigs at 180 d, adipocytes and stromalvascular fraction extracted from SAT of Bamei pigs at 1 d compared with Large White pigs. Knockdown of FoxO1 increased triglyceride content (P < 0.01) and upregulated the levels of adipocyte fatty-acid binding protein, PPARγ, and CCAAT enhancer-binding protein α (C/EBPα) at 6 d after porcine preadipocytes were induced. Furthermore, the transcriptional regulation of FoxO1 through C/EBPβ during early porcine preadipocyte differentiation and the effect of insulin on phosphoinositide 3 kinase (PI3K)/ glycogen synthase kinase 3β (GSK3β) signal pathway by FoxO1 were examined. The results indicated that FoxO1 inhibited transcription activity of C/EBPβ, whereas C/ EBPβ did not affect transcription activity of FoxO1. At 6 and 12 h of early differentiation, knockdown of FoxO1 triggered the transcription activity of C/EBPβ. In addition, FoxO1 protein interacted with C/EBPβ protein in porcine adipocytes at 12 h after induction. Under treatment with 100 nM insulin, knockdown or overexpression of FoxO1 mediated PI3K/GSK3β signaling via upregulating or downregulating the levels of GSK3β and its phosphorylation in adipocytes. Taken together, there is low, but detectable, expression of FoxO1 in SAT of obese pigs and FoxO1 inhibited adipogenesis through C/EBPβ and PI3K/GSK3β signaling pathway. These findings provide useful information to further the understanding of the function of FoxO1 in porcine adipogenesis.
INTRODUCTION
Forkhead box O 1 (FoxO1) transcription factor is involved in adipogenesis (Munekata and Sakamoto, 2009; Guo et al., 2012) . Knockdown of FoxO1 promotes adipogenesis of porcine adipocytes (Pang et al., 2009; Xiong et al., 2013) . Insulin stimulates differentiation of preadipocytes via the phosphoinositide 3 kinase (PI3K) signal pathway to deactivate FoxO1 (Cypess et al., 2011) . In pigs, however, very little is known about the regulatory mechanism of porcine lipogenesis by FoxO1 gene.
The convergence of FoxO1 and CCAAT enhancerbinding protein β (C/EBPβ) signaling pathways may represent an important mechanism regulating energy homeostasis in animals. Their different roles in adipogenesis (Nakae et al., 2003; Schroeder-Gloeckler et al., 2007) suggest that the two transcription factors also possess opposite roles in the metabolic control of adipocytes. The CCAAT enhander-binding protein β is activated by glycogen synthase kinase 3β (GSK3β; Tang et al., 2005) , and then triggers transcription of PPARγ and C/EBPα to promote adipogenic differentiation (Tang and Lane, 2012) . However, it is unclear whether FoxO1 regulates early preadipocyte differentiation through C/EBPβ and whether insulin affects PI3K/ GSK3β signaling by FoxO1 in porcine adipocytes.
Based on our previous studies (Pang et al., 2009; Xiong et al., 2013) , we have further examined the differences in porcine FoxO1 between Bamei pigs (obese breed) and Large White pigs (lean breed), studied the transcription regulation between FoxO1 and C/EBPβ, and explored the effect of FoxO1 on early porcine preadipocyte differentiation. Additionally, because of the important roles of PI3K/GSK3β in animal lipogenesis, the regulation of PI3K and GSK3β by insulin alone or in conjunction with FoxO1 knockdown or overexpression in porcine adipocytes was also explored. Our results suggest that FoxO1 may be a crucial transcription factor during adipogenic differentiation through C/EBPβ and PI3K/GSK3β signaling.
MATERIALS AND METHODS
All studies involving pigs were conducted according to the regulation approved by the Standing Committee of Shaanxi People's Congress, P. R. China. Sample collection was approved by the ethics committee of Northwest A&F University. All experimental procedures were approved and supervised by the Animal Care Commission of the College of Veterinary Medicine, Northwest A&F University.
Animals and Experimental Design
Six healthy male Bamei pigs and 6 male Large White pigs (1 or 180 d of age; 3 pigs per age) were provided by the Northwest A&F University experiment station (Yangling, China). Animals were allowed access to feed and water ad libitum under the same feedstuff and management conditions and were humanely sacrificed at the end to ameliorate suffering. Subcutaneous adipose tissue (SAT) and LM were isolated, collected, quickly frozen in liquid nitrogen, and then kept at -80 0 C until subsequent analysis.
Isolation of Stromal-Vascular Fraction and Adipocytes
Stromal-vascular fraction (SVF) and adipocytes were isolated from white adipose tissue of Bamei and Large White pigs, respectively. Briefly, subcutaneous fat pads from 1-day-old Bamei and Large White pigs were minced in Krebs-Ringer phosphate buffer (KRB) and digested with 1-mg/ml collagenase type I at 37°C for 1 h, and then digested tissue was filtered through a nylon mesh and centrifuged at 500 rpm for 10 min. The top layer (adipocyte fraction) was collected. The remaining was centrifuged again at 1,500 rpm for 10 min, and the pellet (SVF) was collected. Protein and RNA were extracted from both fractions for quantitative PCR (qPCR) and Western blot analysis.
Cell Culture
Subcutaneous adipose tissue was removed from the back and neck of piglets under sterile conditions, and porcine preadipocytes were isolated and cultured using the previously published method (Bai et al., 2008; Pang et al., 2013a) .
Lentiviral-Mediated RNA Interference
The pLentiHI-FoxO1 shRNA, C/EBPβ small hairpin RNA (shRNA), scrambled shRNA, or empty vector, combined with 2 μg of Δ8.9 packaging plasmid and 9 mg of Vesicular Stomatitis Virus Glycoprotein envelope protein plasmid were cotransfected into HEK293T (Thermo Scientific, Waltham, MA) packaging cells (2 × 10 5 cell/ well) by the calcium phosphate method. Ditto, FG30 or FG30-FoxO1, packaging plasmid, and envelope protein plasmid were transfected into HEK293T. Forty-eight hours post-transfection, the supernatant containing virus particles was collected and passed through a 0.45-mm filter to remove cellular debris. When preadipocytes reached 70% to 80% confluence, the viral suspension of pLentiHIFoxO1 shRNAs, C/EBPβ shRNA, scrambled shRNA, or empty vector with 6 mg/mL polybrene was added for 6 to 8 h, respectively, and media were changed to Dulbecco's modified Eagle medium/HamF12 (DMEM/F12) medium. Additionally, at 7 d after induction the viral suspension of FoxO1 overexpression or empty vector with 6 mg/ mL polybrene was added for 1 d respectively, and then was exchanged by DMEM/F12 medium.
RNA Preparation and Real-Time Expression Analysis
Porcine adipocyte lysates were homogenized and total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA) by standard techniques. The integrity of RNA was checked on 2% agarose gel, and total RNA concentration was estimated by a spectrophotometer (Thermo Scientific, Waltham, MA). Two μg of total RNA was reverse transcribed to synthesize cDNA using the PrimeScript RT-reagent kit (Takara Biotechnology Co., Dalian, China) for real-time qPCR after treatment with deoxyribonuclease I to remove contaminating genomic DNA. In this study, 18S rRNA (18S) was used as the reference gene. The primer sequences (Sangon Co., Shanghai, China) designed for real-time qPCR were shown in Table 1 . Real-time qPCR amplification reactions are carried out on a Bio-Rad iQ5 (Bio-Rad, Hercules, CA) by SYBR Premix Ex TaqTMII chemistry detection (Takara Biotechnology Co., Dalian, China). The 2 -∆∆CT method is used to analyze the relative changes in the expression of each gene mRNA (Xiong et al., 2013) .
Protein Extraction and Western Blot Analysis
The cellular protein was extracted in the lysis buffer (pH7.5) containing 50 mM Tris-HCl, 0.5% Triton X-100, 2 mM EDTA, 150 mM NaCl, and 1mM phenylmethylsulfonyl fluoride. The protein content was measured by Peterson's method (Peterson, 1983) . The extracted protein was electrophoresed in 10% SDS-polyacrylamide gel, and electrotransfered to nitrocellulose membranes. After blocking in 5% defatted milk, the membranes were incubated with primary antibodies overnight at 4°C. After washing 3 times with Tris-buffered saline/0.1% Tween 20 (TBST) at room temperature, the membranes were hybridized with secondary antibody for 1 h at room temperature, and again washed 3 times with TBST. The targeted proteins were detected by Immobilon Western Chemiluminescent horseradish peroxidase (HRP) Substrate (Millipore, Billerica, MA). Images were quantified using a Bio-Rad Gel Doc XR and Image Lab software. The following primary antibodies were used: anti-FoxO1 (1:500; Santa Cruz Biotechnology, Santa Cruz CA), anti-p-FoxO1 (1:500; Santa Cruz Biotechnology), anti-C/ EBPβ (1:500; Santa Cruz Biotechnology), anti-PPARγ (1:500; Abcam, Cambridge, MA) , anti-C/EBPα (1:1,000; Abcam), anti-PI3K (1:1,000; Millipore), anti-p-PI3K (1:1,000; Millipore), anti-GSK3β (1:1,000; Cell Signaling Technology, Danvers, MA), anti-p-GSK3β (1:1,000; Cell Signaling), and anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 1:5,000; Santa Cruz Biotechnology), which was used to be the loading control. Antimouse or antirabbit HRP-conjugate secondary antibody was purchased from Santa Cruz Biotechnology.
Oil Red O Staining
Oil Red O and Bodipy Staining were conducted according to the previous published method (Pang et al., 2013b) .
Triglyceride Content Assay
Triglyceride (TG) content analysis was conducted according to the previous published method (Nakajima et al., 2003; Pang et al., 2013b) .
Luciferase Activity Analysis
Pig FoxO1 and C/EBPβ promoters were PCR amplified and cloned into the Renilla luciferase reporter plasmid (pRL-TK) vector, respectively. The luciferase reporter constructs: pC3-luc and 6DBE-luc plasmids contain two C/EBPβ-binding elements and a FoxO1-binding element, respectively. The pC3-luc or 6DBE-luc plasmid (1 μg) was transfected into HEK293T cells along with ppuro-C/EBPβ, pCMV-FoxO1, or both, using the calcium phosphate method (Sambrook and Russell, 2006) . Renilla luciferase reporter plasmid was included as an internal control for transfection efficiency. After transfection (24 h), cells were lysed and luciferase activity was measured with the dual luciferase kit (Promega, Madison, WI) according to the manufacturer's instructions. Briefly, 20 μL of cell lysate was mixed with 90 μL LAR II reagent, the fluorescence was recorded as firefly luciferase activity, and then 75 μL of stop and glow buffer was added to measure the Renilla luciferase. Firefly luciferase activity was normalized to Renilla luciferase activity.
Immunoprecipitation
Cell lysate 200 μL was supplemented with 300 μL lysis buffer to get the appropriate protein concentration and volume. For endogenous protein-protein interaction, 10 mg total lysates of porcine adipocyte at 12 h were incubated with 4 μg antibodies against FoxO1, or C/EBPβ overnight and then captured by 1 mL goat antirabbit or goat antimouse IgG magnetic beads (New England Biolabs, Ipswich, MA) for 4 h. After washing 5 times with lysis buffer, proteins were eluted with 2 × loading buffer for Western blot analysis.
Statistical Analysis
All data were obtained from at least 3 independent experiments. Values were expressed as means ± SEM. Statistics were calculated with SPSS statistics v13.0 software. Student's t test was used for individual comparisons. Multiple comparisons were assessed by one-way ANOVA followed by Dunnett's tests. Difference between groups were considered statistically significant if P < 0.05.
RESULTS

Differences of BW, Back Fat Thickness, Fat Content, Intramuscular Fat Content, and FoxO1 Expression between Porcine Breeds
Bamei pig grew significantly slower than Large White pig (Fig. 1A) . Compared with Large White pigs at 180 d after birth (commercial slaughter age), the BW of Bamei pigs was lower (P < 0.01; Fig. 1B ), whereas the back fat thickness (Fig. 1C ) and body fat content (Fig.  1D) were greater by 138.46% and 88.24%, respectively. The intramuscular fat (IMF) content in LM of Bamei pigs was significantly greater (P < 0.01; Fig. 1E ) than that of Large White pigs.
In SAT of Bamei pigs at 180 d, the levels of FoxO1, hormone-sensitive lipase (HSL) and adipose triglyceride lipase (ATGL; Fig. 1F ) mRNA were lower (P < 0.01) than that of Large White pigs at 180 d, but the levels of C/EBPβ (P < 0.05), C/EBPα (P < 0.01), PPARγ (P < 0.01), adipocyte fatty-acid binding protein (A-FABP/aP2; P < 0.01) and fatty acid synthase (FAS; P < 0.01) were greater. Consistent with the results of FoxO1 mRNA level, the level of FoxO1 protein (Fig. 1G) in Bamei pigs was lower (P < 0.01) than that in Large White pigs. Moreover, compared with Large White pigs at 1 d, levels of FoxO1 mRNA ( Fig. 2A) and protein ( Fig. 2C and 2D) were lower in SVF (P < 0.05) and adipocytes (P < 0.01) extracted from SAT of Bamei pigs at 1 d, but PPARγ mRNA (Fig. 2B) and protein ( Fig. 2C and 2E) were greater in adipocytes (P < 0.01).
Knockdown of FoxO1 Promotes Adipogenesis of Porcine Preadipocytes
To understand the effect of FoxO1 on adipogenesis, we conducted the experiment of long-term knockdown of FoxO1 during porcine preadipocyte differentiation. The results indicated that lipogenesis was promoted in the FoxO1-deficent adipocytes at 6 d after induction using oil red O staining (Fig. 3A) and TG content analysis (Fig. 3B) , as well as real time qPCR analysis of the key related genes including aP2 (P < 0.01; Fig. 3C ), C/ EBPα (P < 0.01; Fig. 3D ), and PPARγ (P < 0.01; Fig.  3D ). Likewise, the levels of protein expressions of the above genes were also upregulated in the FoxO1-deficent adipocytes (Fig. 3E ).
FoxO1 Regulates Transcriptional Activity of C/EBPβ
Two C/EBP binding elements ( -1526 CCAAT -1522 and -1540 CCAAT -1535 ; Fig. 4A ) in porcine FoxO1 gene promoter and 1 FoxO1 binding element ( -79 ATAAATAA -72 ; Fig. 4B ) in porcine C/EBPβ gene promoter were found and the promoters were amplified and cloned into pRL-TK (Fig. 4C) . To investigate transcriptional regulation between FoxO1 and C/EBPβ, we performed the experiment of luciferase activity analysis. Interestingly, the results showed that FoxO1 inhibited the transcriptional activity of C/EBPβ (Fig. 4D) , whereas C/EBPβ did not affect the transcriptional activity of FoxO1 (Fig. 4E) .
Regulation of FoxO1 via C/EBPβ during Early Differentiation
C/EBPβ is a key transcription factor during early differentiation of porcine preadipocytes. We therefore hypothesized that FoxO1 may affect the process by regulating transcriptional expression of C/EBPβ. According to the experimental procedure (Fig. 5A) , we detected the mRNA levels of C/EBPβ and FoxO1 in porcine FoxO1-deficent or C/EBPβ-deficent preadipocytes at 6 h and 12 h of differentiation. The levels of C/EBPβ mRNA were significantly upregulated in porcine FoxO1-deficent preadipocytes (Fig. 5B) . Interestingly, although the levels of C/EBPβ mRNA were markedly downregulated in porcine C/EBPβ-deficent preadipocytes, the levels of FoxO1 mRNA were not affected (Fig. 5C) . Additionally, the levels of proteins of the above relative genes were consistent with their mRNA levels ( Fig. 5D and E) . 
FoxO1 Interacts with C/EBPβ
One Forkhead binding domain in porcine C/EBPβ protein and 1 leucine zip binding domain in porcine FoxO1 protein were found (Fig. 6A) . To verify potential interaction between FoxO1 and C/EBPβ proteins, we carried out immunoprecipitation analysis. The results indicated that C/EBPβ interacted with FoxO1 ( Fig. 6B and 6C), whereas GAPDH did not have an interaction with FoxO1 or C/EBPβ in porcine adipocytes at 12 h after induction (Fig. 6B and C) . 
Knockdown or Overexpression of FoxO1 along with
Treatment of Insulin Regulates PI3K/GSK3β Signaling
Our previous study indicated that the 100 nM insulin was the optimal concentration for adipogenesis porcine adipocytes (Pang et al., 2013b) . The PI3K signaling pathway plays a key role in regulating preadipocyte differentiation (Xia and Serrero, 1999) . To further investigate whether PI3K/GSK3β signaling pathway is involved in regulating adipogenesis of FoxO1, the FoxO1 deficient or overexpression adipocytes were stimulated with 100 nM insulin for 15 min (Fig. 7A) and subjected protein samples to a protein array to study the relevant kinases ( Fig. 7B and 7D) . The results showed that FoxO1 expression was significantly inhibited in the FoxO1 knockdown adipocytes (Fig. 7C ), but promoted in the FoxO1 overexpression adipocytes (Fig. 7E) . We further found that PI3K and its phosphorylation did not change in FoxO1 deficient or overexpression adipocytes, respectively, whereas GSK3β and its phosphorylation significantly increased or decreased, respectively (Fig. 7 C, E) . The findings suggested that FoxO1 played a direct role in insulin-stimulated adipocyte adipogenesis through PI3K/FoxO1/GSK3β signaling pathway (Fig. 8) . 
DISCUSSION
There are a large number of indigenous breeds in China (Yang, 2013) and Baimei is one of the most important. Baimei pigs are widely distributed in most of the provinces in Northwest China. In this study, we found that the disadvantages of Bamei breed were slower growth rate and greater fat content compared with the Large White breed. However, the Bamei breed is characterized by a higher IMF content than the Large White breed (Pang et al., 2006) . Pigs of different types may also be a better animal model for biomedical science to study human obesity (Gianfranco and Alfredo, 2004) . Adipose tissue is the body's largest endocrine organ, representing a complex, essential, and active metabolic site of insulin action (Poulos et al., 2010; Adamczak et al., 2013; Coelho et al., 2013) . Moreover, excess adiposity or obesity is associated with insulin resistance, hyperglycemia, dyslipidemia, and hypertension (Capurso and Capurso, 2012; Nikolopoulou and Kadoglou, 2012; Lambert et al., 2013) . Deciphering how pigs regulate adipogenesis may Relative luciferase activity is presented to demonstrate the effect of FoxO1 on C/EBPβ transcriptional activity. Control: pRL-TK + pC3-luc; FoxO1: pRL-TK + pC3-luc + pCMV-FoxO1; C/EBPβ: pRL-TK + pC3-luc + ppuro-C/EBPβ; FoxO1 + C/EBPβ: pRL-TK + pC3-luc + ppuro-C/EBPβ + pC-MV-FoxO1. (E) C/EBPβ did not change transcriptional activity of FoxO1. Control: pRL-TK + 6×DBE-luc; FoxO1: pRL-TK + 6×DBE-luc + pCMV-FoxO1; C/EBPβ: pRL-TK + 6 × DBE-luc + ppuro-C/EBPβ; FoxO1 + C/EBPβ: pRL-TK + 6 × DBE-luc + ppuro-C/EBPβ + pCMV-FoxO1. The results are presented as means ± SEM of 3 independent experiments. *P < 0.05 and **P < 0.01. be central to understanding the molecular mechanisms associated with pork quality and human obesity.
In swine production, excessive fat deposition affects porcine health, production efficiency, and marketability of porcine products. Reduction of porcine fat deposition is therefore highly desirable for both producers and consumers. Significant differences in the adipose tissue deposition rate were found between lean and fatty pig breeds (Li et al., 2008) . In our previous study, it was shown that FoxO1 was expressed in the SAT of commercial pigs and implicated in inhibition of porcine adipogenesis (Pang et al., 2009) . However, breed differences in the expression and inhibitory activity of FoxO1 on adipocyte differentiation are unknown. In the current study, we found that the levels of FoxO1 mRNA and protein were lower in both SAT and adipocytes of Bamei pigs than those of Large White pigs, but the levels of C/EBPα, PPARγ, aP2, FAS and C/EBPβ mRNA were greater. Therefore, FoxO1 may be involved in formation of obese pigs. In addition, FoxO1 directly binds to the ATGL, the rate-limiting lipolytic enzyme, promotes ATGL gene transcription in adipocytes (Chakrabarti et al., 2011) . In this study, the mRNA levels of ATGL and HSL were lower in adipose tissue of Large White pig than those of Bamei pig. Therefore, we concluded that greater fat content of Bamei pig was involved in greater lipogenic ability, but lower lipolytic ability.
Knockdown of FoxO1 using the lentivirus-mediated method caused long-term repression of FoxO1 during porcine preadipocyte differentiation. Based on the above method, we found that the inhibition of FoxO1 expression promoted adipogenesis with increase of the mRNA and protein levels of adipogenic marker genes including PPARγ, C/EBPα and aP2. This is consistent with our previous studies (Pang et al., 2009; Xiong et al., 2013) .
We further analyzed and found 2 C/EBP binding elements in porcine FoxO1 gene promoter and 1 FoxO1 binding element in porcine C/EBPβ gene promoter. The results showed that FoxO1 inhibited the transcriptional activity of C/EBPβ, whereas C/EBPβ did not change the transcription activity of FoxO1. We suggest that the key reason may be that the interaction of FoxO1 with C/EBPβ promoter attenuates the binding of RNA polymerase to C/EBPβ promoter, but the interaction of C/ EBPβ with FoxO1 promoter does not change the binding of RNA polymerase to FoxO1 promoter.
Because FoxO1 inhibited the transcriptional activity of C/EBPβ, we hypothesized that FoxO1 might repress early differentiation of preadipocytes through C/ EBPβ. Predictably, knockdown of FoxO1 promoted the expression of C/EBPβ mRNA, whereas knockdown of C/EBPβ did not change the expression of FoxO1 mRNA during early differentiation. Concomitantly, the levels of C/EBPβ protein were upregulated under FoxO1-deficient condition. Although the levels of FoxO1 mRNA and protein were not changed under C/EBPβ-deficient condition, knockdown of C/EBPβ inhibited differentiation by downregulating the levels of C/EBPα and PPARγ during middle and late differentiation.
The low level of FoxO1 impaired FoxO1-C/EBPα complex formation, which contributes to the promoted adipogenesis (Qiao and Shao, 2006) . Because 1 Forkhead binding domain in porcine C/EBPβ protein and 1 leucine zip binding domain in porcine FoxO1 protein were found, FoxO1 may interact with C/EBPβ. To explain how to interregulate between two proteins, our immunoprecipitation results confirmed that the two endogenous proteins indeed interacted in porcine adipocyte. Based on the findings, it can be hypothesized that the interaction between FoxO1 and C/EBPβ might be involved in adipogenesis by affecting phosphorylation and nucleus-cytoplasm transposition of FoxO1.
FoxO1 acts as a negative regulator of insulin action, mediating key events in adipogenesis (Accili and Arden, 2004) . Several studies indicated that PI3K/GSK3β signaling pathway played a key role in regulating adipogenesis in vitro (Christoffersen et al., 1998; Pearce et al., 2004) . The important contributors of fat tissue mass regulation are PI3K and GSK3β (Ciaraldi et al., 2006; Zhang et al., 2012) , which are part of the intracellular signaling cascade activated by insulin (Schultze et al., 2011) . Fat tissue homeostasis is involved in the generation of new adipocytes from preadipocytes and the elimination of old adipocytes. Fat mass is predominantly determined by the volume of adipocytes, which is regulated by competing processes of lipogenesis and lipolysis (Large et al., 2004) . Insulin therefore is an important extracellular regulator of both adipocyte number and function. To further investigate whether PI3K/ GSK3β signaling pathway is involved in porcine adipogenic differentiation by FoxO1, the FoxO1-deficient or overexpression adipocytes were stimulated with insulin and subjected protein samples to a protein array to study the upstream or downstream kinases. Interestingly, in neither FoxO1-deficient nor overexpression adipocytes, were the levels of PI3K and its phosphorylation changed, whereas the levels of GSK3β and its phosphorylation were upregulated or downregulated, which might result in mediating glucose uptake in response to insulin and lipid accumulation. The results suggest that FoxO1 plays a vital role in adipogenic process through PI3K/ FoxO1/GSK3β signaling pathway.
In conclusion, we demonstrated the clear differences of FoxO1 expression in obese Bamei and lean Large White pig breeds and further explored the regulatory adipogenic mechanism of FoxO1 by mediating transcription of C/EBPβ during early differentiation and PI3K/ GSK3β signaling in adipocytes. In addition, although FoxO1 inhibits adipogenesis (Nakae et al., 2003; Pang et al., 2009; Xiong et al., 2013) , there is no evidence at this point that the delayed development of IMF is related to prolonged expression of FoxO1. The regulation of porcine IMF by FoxO1 will further be explored using porcine IMF preadipocytes. These results reveal novel insights into the roles of FoxO1 in porcine lipogenesis and may also have practical applications for manipulation of fat deposition and improvement of meat quality in pigs.
